UNCLASSIFIED 
AD  NUMBER 


AD361407 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Controlling  DoD  Organization:  Deputy  Chief 
of  Staff  Research  and  Development  [Air 
Force] ,  Directorate  of  Operational 
Requirements  and  Development  Plans,  Attn: 
Project  Rand  Office,  Washington,  DC 
20330.  . 


_ AUTHORITY _ 

USAF/HAF/ICIOD  [MDR]  ltr,  13  Jan  2006; 
USAF/HAF/ ICIOD  [MDR]  ltr,  13  Jan  2006 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


AD  NUMBER 

AD361407 

CLASSIFICATION  CHANGES 

TO 

confidential 

FROM 

secret 

AUTHORITY 

30  Jun 

1977  per  Grp-3  document  marking 

THIS  PAGE  IS  UNCLASSIFIED 


:  M rawwwafr*  •»  .Muetitr* 


kepA&duced 
ky,  ike 


SERVICES  TECHNICAL  INFORM® 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


xrv 


DOWNGRADED  AT  12  YEAR 
INTERVALS;  NOT  AUTOMATICALLY 
DECLASSIFIED.  dCD  1“^  5pnn  '?r 


.  «o  .Tam. 


?.  wx 


tD  3  6  1  4  0  7 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION,  ALEXANDRIA,  VIRGINIA 


ii 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  pei  son  or  corporation,  or  conveying  any  rightB 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


NOTICE: 

THIS  DOCUMENT  CONTAINS  INFORMATION 
AFFECTING  THE  NATIONAL  DEFENSE  OF 
THE  UNITED  STATES  WITHIN  THE  MEAN¬ 
ING  OF  THE  ESPIONAGE  LAWS,  TITLE  1.8, 
U.S.C.,  SECTIONS  793  and  79U .  THE 
TRANSMISSION  OR  THE  REVELATION  OF 
ITS  CONTENTS  IN  ANY  MANNER  TO  AN 
UNAUTHORIZED  PERSON  IS  PROHIBITED 


BY  LAW. 


MEMORANDUM 

RM-4296-PR 


a  i 

SYSTEM  COSTS  FOR 
STRATEGIC  FENETRATOR  SYSTEMS  USING 
SUBMERSIBLE  AND  CONVENTIONAL 

AIRCRAFT  (U) 

Albert  J.  Tenzer,  A.  Frank  Watts  and  John  J.  Kermisch 


I 

..mti  R 

-J  CD' 

d 

3 


.’REPARED  FOR: 

UNITED  STATES  AIR  FORCE  PROJECT  RAND 


-  ‘"-v,  ts~* 

O 

- '—’'jf”-  r'i’T 

«  h  ;u:  '  ■  '•  1  ’ 

<  ■ 

•  •  V  , .  X  *■>  V* 


rx  O  n  .  x 

ie  j  v4~ |  {  |  jj 


;*e  rx 


r  a  i  •  p  d  k.”  i  a  . 


SECRET 


MEMORANDUM 

RM-4296-PR 

JUNE  1065 


SYSTEM  COSTS  FOR 
STRATEGIC  PENETRATOR  SYSTEMS  USING 
SUBMERSIBLE  AND  CONVENTIONAL 

AIRCRAFT  (U) 

Albert  J.  Tenzer,  A.  Frank  Watts  and  John  J.  Kermisoh 


This  material  contains  information  affecting  the  national  defense  of  the  United  States 
within  the  meaning  of  the  espionage  Inwa,  Title  18  U  S.C.,  Secs.  193  and  794,  the  trans¬ 
mission  or  the  revelation  of  which  any  manner  to  an  unauthorized  person  is  prohibited 
by  law. 

This  research  is  sponsored  by  the  United  States  Air  Force  under  Project  HAND  -Con¬ 
tract  No.  AF  191 6.3111 -7(X)— monitored  by  the.  Directorate  of  Operational  Re<|uireineuts 
and  Development  Plans.  Deputy  Chief  of  Staff.  Research  and  Development,  Hr]  USAF. 
Views  or  conclusions  contained  in  this  Memorandum  should  not  he  interpreted  ns 
representing  the  official  opinion  or  policy  of  the  United  States  Air  Force. 

D1)C  AVAILABILITY  NOTICE 

Qualified  requesters  may  obtain  eopies  of  this  report  from  the  Defense  Documentation 
Center  (DDC). 


■7£ 


R-flllD 


UAIN  si  *  JANt*  MONICA  *  CAllfORNIA  ■ 


GROUP- 3 

DOWNGRADED  AT  12  YEAR  INTERVALS; 
NOT  AUTOMATICALLY  DECLASSIFIED 


SECRET 


SECRET 


-lii- 


PRF.FACE 

This  Memorandum  document's  the  cost  analysis  performed  as  part  of 
a  RAND  study  of  possible  mission  applications  of  submersible  aircraft. 
These  applications  have  been  discussed  in  RM-4183-PR,  Submersible  Air¬ 
craft:  Potential  Missions,  Selected  System  Operations,  and  Costs  (U), 
Roger  P.  Johnson,  Henry  P.  Rumble,  and  Albert  J.  Tender,  The  RAND 
Corporation,  November  1964  (Secret). 

Related  questions  of  technical  feasibility  and  performance 
capabilities  of  submersible  aircraft  are  discussed  in  the  following 
previous  publications:  RM-3683-PR,  The  Submersible  Aircraft:  Design 
Feasibility  and  Performance  Calculations  (l!) ,  Roger  P.  Johnson  and 
Henry  P.  Rumble,  The  RAND  Corporation,  August  1963  (Secret);  and 
RM-4180-PR,  Submerslbly  Moored  and  Submersible  Aircraft;  Comparative 
Design  and  Parametric  Performance  Analysis  (U),  Roger  P.  Johnson  and 
Henry  P.  Rumble,  The  RAND  Corporation,  October  1964  (Secret). 
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SUMMARY 


The  cost  analysis  documented  in  this  Memorandum  was  performed 
in  support  of  a  RAND  study  of  submersible  aircraft. 

A  cost  analysis  of  strategic  weapon  systems  has  been  made 
comparing  aircraft  weapon  systems  capable  of  undersea  operations 
with  land  hased  systems.  The  comparison  has  been  done  in  an 
analytical  framework  using  an  "equal  effectiveness"  approach.  In 
estimating  the  cost  of  weapon  systems  using  submersible  aircraft,  much 
uncertainty  exists  at  this  time  regarding  operation  in  the  undcrwatc. 
environment.  This  uncertainty  has  been  in  part  handled  by  a  cost- 
sensitivity  analysts.  However,  because  of  time  constraints,  it  has 
been  necessary  to  make  some  arbitrary  assumptions  about  key  operational 
parameters  . 

Costs  have  been  estimated  for  eighteen  systems  based  on  three 
types  of  penetrator  aircraft:  an  advanced  manned  strategic  aircrafL 
(AMSA);  a  penetrator  carried  as  a  parasite  by  a  long  endurance  aircraft 
(LEA);  and  a  submersible,  penetrator  aircraft  (SPA).  The  main 
difference  between  the  systems  lies  in  the  type  of  penetrator  air¬ 
craft  or  the  type  of  refueling  support  aircraft  (or  other  support  aircraft 
Nine  systems  had  AMSA  penetrators  supported  by  land-based  or  submersible 
tanker  aLrcraft.  Two  systems  used  parasite  penetrators.  Seven  systems 
had  submersible  penetrator  aircraft. 

The.  costs,  estimated  for  a  force  adequate  to  provide  100  alert 
penetrators  on  station  in  a  state  oi  operational  readiness,  ranged 
from  $5  billion  to  $22  billion. 
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X .  INTRODUCTION 


An  analysis  of  the  cost-ef fectiveness  of  alternative  military 
forces  or  weapon  systems  may  use  one  of  two  approaches:  either 
beginning  with  a  fixed  budget  and  attempting  to  determine  the  most 
effective  force  mix  or  weapon  system  that  can  be  obtained  within  that 
budget,  or  beginning  with  a  specific  military  job  or  mission  and  then 
estimating  the  cost  of  the  alternative  methods  of  doing  it. 

The  approach  used  in  this  study  was  the  "fixed  effectiveness" 
approach.  Having  described  the  job  to  be  clone  in  terms  of  a  strategic 
mission,  we  examined  the  estimated  costs  of  three  major  weapon  system 
approaches,  assumed  to  be  equally  capable  of  performing  the  mission. 

The  criterion  used  for  comparison  in  this  study  was  the  cost  of  a 
force  adequate  to  provide,  at  all  times,  100  penetrators  in  a  state 
of  operational  readiness  (hereafter  referred  to  as  "alert  penetrators'). 
Tills  method  enabled  us  to  deal  with  some  problems  of  uncertainty  about 
the  operations  of  the  equipment  in  an  underwater  environment. 

Although  die  primary  focus  of  interest  in  this  study  was  sub¬ 
mersible  aircraft,  it  was  incumbent  upon  us  to  examine  such  aircraft 
within  a  context  of  other  weapon  systems  that  could  also  carry  out 
the  postulated  mission.  To  this  end,  three  types  of  penetrator 
aircraft  have  been  compared:  an  advanced  manned  strategic  aircraft 
(AMSA);  a  parasite  carried  airborne  by  a  long  endurance  aircraft 
(LEA);  and  a  submersible  penetrator  aircraft  (SPA).  These  three 
types  of  penetrator  aircraft,  provided  with  an  assortment  of  different 
kinds  of  support  equipment,  and  with  varying  basing,  mobility,  and 
other  operational  specifications,  were  configured  into  eighteen 
penetrator  systems,  which  are  discussed  in  the  following  sections,  A 
system  description,  the  equipment  requirements,  and  a  summary  of  costs 
of  these  systems  are  presented  in  Table  1. 

The  mission  that  all  cf  the  systems  would  fulfill  Is  a  strategic 
precision  strike  mission,  to  penetrate  1000  miles  into  the  Sino- 
Soviet  land  mass  at  low  altitude  (see  Fig.  1)  and  deliver  a  payload 
of  10,000  lb  of  air-to-surface  missiles.  All  aircraft  here  are  con¬ 
sidered  to  have  the  same  penetration  profile  and  would  carry  the  same 
armament  and  avionics. 
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II.  DESCRIPTION  OF  ALTERNATIVE  PENETRATOR  SYSTEMS 
-  AND  CONCEPTS  OF  EMPLOYMENT 


Using  as  a  basts  the  three  types  of  penetrator  aircraft,  the 
advanced  manned  strategic  aircraft,  the  parasite,  and  the  submersible 
penetrator  aircraft,  eighteen  systems  have  been  postulated.  Systems  1 
through  9  have  AMSA  penetrators  supported  by  cither  land-based 
(Systems  1  and  2)  or  submersible  (Systems  3  through  9)  tanker  air¬ 
craft.  Systems  10  and  11  have  parasite  penetrators  carried  airborne 
by  long  endurance  aircraft.  Systems  12  through  18  have  SPA  penetrators 
The  peacetime  operational  assumptions  for  all  systems  are  presented  in 
Table  2. 

Table  2 

PEACETIME  OPERATIONAL  ASSUMPTIONS 
FOR  THREE  PENETRATOR  AIRCRAFT 


Aircraft 

Submersible 

Assumptions 

AMSA 

Parasite 

Penetrator 

Initial  occupancy  date 

1975 

1975 

1975 

Crew  ratio 

2  .0 

2.0 

2  0 

Aircraft  per  base 

Alert  per  cent 

15 

15 

N.A. 

Airborne 

75 

Ground 

50 

50 

Underwater 

33-1/2  t 
66-2/3 

Response  time  (min) 

15 

15 

15 

Flying  hours  (per  aircraft/yr) 

650 

650 

650 

Payload  weight  (lb) 

10,000 

10,000 

10,000 

Number  air-to-surface  missiles 

8 

8 

8 
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The  essential  difference  within  each  major  grouping  is  either  the 
type  of  refueling  support  equipment,  the  mobility  of  the  refueling 
support  equipment ,  or  the  degree  of  uncertainty  as  to  how  well  the 
submersible  equipment  will  perform  in  its  underwater  environment. 

The  mobility  of  the  refueling  support  equipment  is  important 
because  it  may  affect  the  survivability  of  the  submersible  systems. 
Moving  the  underwater  platforms  with  their  moored  aircraft  may  be 
necessary  to  prevent  their  locations  from  becoming  known,  and  therefore 
vulnerable,  to  an  enemy.  To  take  care  of  this  problem,  two  levels  of 
mobility  have  been  predicated:  "high  mobility,"  in  which  each  forwardly 
deployed  underwater  platform  has  a  pusher  submarine  to  move  it,  or 
"low  mobility,"  where  one  pusher  submarine  is  located  in  each  forward 
area  to  move  in  some  sequence  all  platforms  in  that  area. 

The  problem  of  uncertainty  about  the  submersible  systems  may  be 
divided  into  two  categories.  The  first  has  to  do  with  the  ability  of 
the  submersible  aircraft  and  the  personnel  to  cope  with  the  problems 
of  the  underwater  environment.  This  has  been  arbitrarily  called 
"peace-time  operational  uncertainty." 

The  second  category  might  then  be  termed  "wartime  operational 
uncertainty."  If,  for  example,  ten  submersible  penetrators ,  moored 
underwater  upon  a  platform,  are  called  upon  to  surface  and  commence 
their  strategic  missions  within  15  minutes,  it  is  unlikely  that  all 
would,  iri  fact,  be  able  to  respond  as  desired. 

Faced  with  these  problems,  we  have  provided  for  the  second 
category,  wartime  operational  uncertainty,  by  arbitrarily  deciding 
that  only  eight  out  of  ten  submersible  penetrators  on  station  (and 
five  out  of  six  submersible  tankers)  would  be  able  to  perform  their 
wartime  missions  within  the  specified  response  time. 

The  peacetime  operational  uncertainty,  which  is  really  the  more 
basic  question  of  equipment  and  personnel  endurance,  we  have  elected 
to  treat  parametrically  within  what  seemed  a  reasonable  range.  The 
actual  method  used  was  as  follows: 

If  it  were  possible  to  have  a  system  capable  of  remaining  under¬ 
water  indefinitely  in  a  state  of  operational  readiness  (with  both 
equipment  and  personnel  subject  to  no  deterioration,  needing  no 
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maintenance,  always  "on  alert"),  then  we  would  consider  such  a  system 
to  have  100  per  cent  alert  capability.  The  actual  percentage  of  alert 
capability  is  important  because  it  determines  the  number  of  backup 
aircraft  and  other  equipment ~required~for  the  system.  : A  system  with- 
100  per  cent  alert  capability  would  require,  in  order  to  guarantee 
100  operationally  ready  penetrators,  no  backup  aircraft  at  all  (ex¬ 
cluding  command  support  or  attrition  aircraft).  A  system  that  has  only 
50  per  cent  alert  capability  because  its  aircraft  or  personnel  can  re¬ 
main  operationally  ready  only  half  time,  and  require  maintenance, 
training,  and/or  rest  for  an  equal  period,  would  require  100  backup 
aircraft  and  equipment  for  each  100  aircraft  on  alert  (again  excluding 
command  support  or  attrition,  aircraft). 

To  provide,  for  the  sensitivity  of  the  system  costs  to  this  area 
of  uncertainty,  we  have  estimated  the  costs  of  systems  using  submersible 
equipment  for  each  of  three  levels  of  alert  capability;  66-2/3  per  cent 
(assuming  a  high  degree  of  equipment  reliability  and  human  endurance), 

50  per  cent,  and  33-1/3  per  cent  (assuming  a  low  degree  of  equipment 
reliability  and  human  endurance).  The  system  cost  implications  of 
this  uncertainty  are  illustrated  in  Fig.  2. 

The  present  Polar is-carrying  nuclear  submarine  provides  a  back¬ 
ground  for  the  examination  of  peacetime  operational  uncertainty.  Cur¬ 
rently  these  submarines  remain  on  station  roughly  33-1/3  per  cent  of 
iheir  time,  and  thus  they  require  a  backup  of  two  submarines  for  each 
one  on  station.  This  requirement  exists  because  of  necessary  mainten¬ 
ance,  training,  travel  to  and  from  station,  personnel  limitations,  etc. 
Since  this  is  the  alert  capability  of  the  Polaris  submarine,  it  was 
taken  as  a  point  of  reference  for  the  submersible  aircraft  discussed 
in  this  study  and  formed  one  limit  of  the  range  of  system  capability 
examined. 

The  nuclear  submarine  also  provides  an  analogy  in  the  area  of 
wartime  operational  uncertainty.  Each  submarine  carries  16  Polaris 
missiles,  which  are  intended  to  be  launched  within  a  specified  time 
after  H  hour.  Since  the  reliability  of  any  equipment  is  subject  to 
some  uncertainty,  it  must  be  assumed  that  not  all  the  Polaris  missiles 
will  be  capable  of  being  launched  within  the  specified  time.  The  same 
assumption  was  applied  to  the  launching  of  the  submersible  aircraft 
from  their  platforms. 
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The  effect  of  the  porc.-tage  on  the  system  equipment  re¬ 

quirements  will  be  evident  in  the  more  detailed  calculations  that 
follow,— but  one  general  point  may  well- be  made  here.  As  the  alert 
percentage  decreases,  implying  a  requirement  for  more  backup  aircraft 
(without  changing  the  number  of  aircraft  on  station),  the  weapon 
system  costs  increase. 

THE  ADVANCED  MANNED  STRATEGIC  AIRCRAFT 

The  first  of  the  three  penetrator  aircraft  to  be  discussed  is 
the  AMSA,  which  has  been  considered  as  a  possible  successor  to  the 
B-52.  No  firm  AMSA  design  has  as  yet  been  decided  on,  but  the  tech¬ 
nical  characteristics  of  the  AMSA  as  used  in  this  study  are  as 
follows : 


1. 

Length 

148  ft 

2. 

Wing  span 

143  ft 

3. 

Material 

Aluminum 

4. 

Number  of  engines 

4  turbofan 

5. 

Gross  weight 

375,000  lb 

6. 

AMFR  weight 

102,000  lb 

7. 

Maximum  speed 

Mach  2 . 5 

8. 

Maximum  thrust  per  aircraft 

112,000  lb 

9  . 

Fuel  and  payload 

237,000  lb 

10. 

Wing  loading 

184  lb  sq  ft 

11. 

Variable  swept  wing 

Yes 

12. 

Laminar  flow  (wing) 

No 

is  assumed  that  the  AMSA  would  become 

operational  in  the  mid- 

1970's,  replacing  the  phased-out  J3— 52 ' s ;  would  be  located  on  bases 
within  the  Continental  U.S.;  and  would  be  similar  to  the  B-52  in 
manning,  maintenance,  deployment,  and  peacetime  flying  operations. 

Nine  weapon  systems  have  been  postulated  using  the  AMSA  aircraft, 
with  land-  or  water-based  refueling  support.  In  each  of  the  nine 
systems  the  AMSA  penetrator  would  be  land  based  on  a  50  per  cent 
ground  alert  status,  and  would  fly  650  annual  flying  hours  per 
aircraft  with  a  crew  of  four.  The  nine  systems  are  as  follows: 
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1.  AMSA  penetrator  supported  by  land-based  AMSA  type 
tanker  also  on  50  per  cent  ground  alert.  ... 

_  _  2.  AMSA  penetrator  supported  by  land-based  modified 

KC-135  tanker  on  50  per  cent  ground  alert. 

3.  AMSA  penetrator  supported  by  submersible  tanker  on  33-1/3 
per  cent  underwater  alert,  moored  on  submerged  platforms 
having  high  mobility. 

4.  AMSA  supported  as  in  System  No.  3,  by  tanker  on  50  per 
cent  underwater  alert. 

5.  AMSA  supported  as  in  System  No.  3,  by  tanker  on  66-2/3 
per  cent  underwater  alert. 

6.  AMSA  supported  by  submersible  tanker  on  33-1/3  per  cent 
underwater  alert,  moored  on  submerged  platform  having 
low  mobility . 

7.  AMSA  supported  as  in  System  No.  6,  by  tanker  on  50  per 
cent  underwater  alert. 

8.  AMSA  supported  as  in  System  No.  6,  by  tanker  on  66-2/3 
par  cent  underwater  alert. 

9.  AMSA  supported  by  land-based  submersible  tanker  aircraft 
on  50  per  cent  ground  alert,  which  flies  out  to  underwater 
moored  unmanned  platform,  submerges,  and  awaits  the  bomber 
fleet.  In  this  system  the  tanker  ha3  greatly  reduced  capa 
bility  to  remain  submerged. 

The  first  two  AMSA  systems  (Systems  1  and  2)  are  supported  by  con¬ 
ventional  land-based  tankers.  System  1  has  an  AMSA  type  tanker  air¬ 
craft  for  support,  which  has  essentially  the  same  airframe  and  engine 
as  the  AMSA  penetrator,  with  different  airborne  equipment.  It  would 
operate  on  a  peacetime  basis  in  a  manner  similar  to  the  KC-135  with 
the  same  crew  ratio,  deployment,  flying  hour  program,  etc. 

System  2  has  the  modified  KC-135  tanker  for  support.  This  tanker 
is  the  current  KC-135A  modified  for  short  takeoff,  with  a  jet  takeoff 
assist  kit.  We  assume  that  these  aircraft  could  be  made  available 
upon  phase-out  of  the  B-52  fleet.  These  aircraft  would  also  operate  in 
a  manner  similar  to  that  of  the  current  KC-135. 

Systems  3  through  9  use  submersible  tankers  for  support.  The 
characteristics  of  these  tankers  are  as  follows: 


1. 

Length 

89  ft 

2. 

Wing  span 

77  ft 
* 

3. 

Material 

Steel 

*Steel  with  a  yield  strength  of  50,000  psi, 
struction  circa  1942-1958.  SECRET 
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4.  Number  of  engines 

5.  Gross  weight 

6 .  AMPR  weight 

7.  Maximum  speed 

8.  Maximum  thrust 

9 .  Fuel  and  payload 

10.  Wing  loading 


4  turbojet 
300,000  lb 
-88,000  lb 
Mach  0 . 9 
120,000  lb 
182,000  lb 
200  lb  sq  ft 


Tile  original  concept  of  a  submersible  system  involved  the  use  of 
submerged  platforms  upon  which  are  moored  the  submersible  tanker  air¬ 
craft,  as  shown  in  Fig.  3.  The  platforms  were  conceived  as  having 
fuel  storage  capacity  and  personnel  to  man  them,  with  living  quarters 
for  the  platform  crews  arid  for  the  aircraft  personnel.  An  alternative 
suggestion,  however,  was  to  provide  refueling  capability  by  means  of 
a  hybrid  system  consisting  of  strategically  located  unmanned  fuel 
platforms,  to  which  land-based  submersible  tanker  aircraft  could  be 
flown,  submerged,  refueled,  and  made  ready  to  refuel  their  bomber 
mates  when  required.  System  9  is  of  this  type  and  has  been  called 
a  "land-based  flyout  system." 


F.quipment  Requirements 

The  general  procedure  for  determining  the  equi.pment  requirements 
was  a  logical  progression,  as  follows: 

1.  Determine  the  number  of  alert  penetrators  required. 

2.  Calculate  the  total  penetrators  necessary  to  support  the 
required  number  on  alert. 

3.  Determine  the  number  of  alert  tankers  necessary  to  support 
the  alert  penetrators. 

4.  Calculate  the  total  tankers  necessary  to  guarantee  the  proper 
number  on  alert. 

5.  For  the  submersible  systems,  determine  how  many  platforms 
are  necessary  to  moor  the  requisite  number  of  alert  tankers, 
as  well  as  to  handle  rear  area  requirements. 

6.  Calculate  the  total  platforms  necessary  to  guarantee  the 
proper  number  on  alert  or  in  use  in  rear  areas. 

7.  Determine  how  many  pusher  submarines  each  system  requires 
to  provide  the  indicated  degree  of  mobility. 
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Fig. 3— Submersible  tanker-aircraft  platform  with  nuclear 
pusher  tug  and  complement  of  six  aircraft 
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8 ,  _ Calculate  the  coca!  pusher  submarines  required  for  each 

system  to  guarantee  System  7. 

9 .  Determine  how  many  platforms  would  be  required  for  System  9, 

_ the  flyout- system. _ ii: _ _ 

The  results  of  these  calculations  for  each  of  the  nine  AMSA 
systems  have  been  presented  in  Table  1.  However,  an  illustrative 
sample  calculation  for  one  of  the  submersibly  supported  systems 
(System  4)  is  presented  here  according  to  the  steps  indicated  above. 

1.  For  purposes  of  comparison,  the  number  of  alert  penetrators 
was  established  arbitrarily  at  100. 

2.  Since  the  alert  requirement  was  set  at  50  per  cent  ground 
alert,  200  operational  penetratcr  aircraft  would  be  required. 
This  does  not  include  command  support  or  attrition  aircraft. 

3.  The  number  of  alert  tankers  necessary  (91)  was  determined 
through  the  use  of  a  tanker -to -bomber  ratio  (0.91).  This 
ratio  was  calculated  by  determining  the  number  of  tanker 
aircraft  for  each  refueling  made  and  then  employing  a 
weighted  average. 

4.  To  allow  for  unforeseen  contingencies  in  the  underwater 
environment,  with  which  the  Air  Force  has  no  experience, 

20  per  cent  extra  moored  tanker  aircraft  has  been  allowed. 

This  should  provide  the  necessary  91  in  a  state  of  readiness. 
Per  platform  this  means  that  of  the  six  moored  there,  five 
may  be  assumed  to  be  ready  at  all  times .  Tims ,  to  have  the 
91  available,  109.2  must  be  provided  for  each  100  alert 
penetrators  . 

Assuming  that  we  are  discussing  here  System  4,  which  is  a 
high  mobility  system  on  50  per  cent  underwater  alert,  we 
can  continue  with  the  calculation  of  the  tankers  required 
by  estimating  the  rear  area  (training,  maintenance,  etc.) 
requirement.  For  50  per  cent  underwater  alert  we  would 
require  an  equal  number  of  aircraft  for  backup,  or  another 
109.2.  This  makes  a  total  of  218  operational  tanker  air¬ 
craft  required. 

5.  In  determining  the  number  of  platforms  required,  the  assumption 
was  made  that  rear  area  tankers  are  evenly  distributed  between 
training  and  maintenance  activities.  No  platforms  would  be 
necessary  for  tankers  in  maintenance.  Since  the  platforms 

arc  designed  to  accommodate  six  tanker  aircraft  each,  the 
necessary  number  would  be 

109.2  +  (109  7  2),  or  27.3. 

6 

6.  To  the  above  number  of  platforms  was  added  an  additional 
10  per  cent  to  allow  for  platform  maintenance  --  total: 

30  platforms . 
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7.  For  high  mobility  systems  it  was  decided  that. each  platform 
on  alert  should  have  its  own  pusher -submarine.  .  System  4 
would,  therefore,  require  18.2  operational  pusher  submarines. 

8.  For  platforms  usedin  training,  irwas  decided  to  allow  one 
pusher  submarine  for  each  two  platforms,  or  4.5  submarines. 
Total  submarines  so  far:  22.7.  Allowing  10  per  cent  for 
necessary  pusher  submarine  maintenance  (or  2.27),  we  arrive 
at  a  total  of  25  pusher  submarines  required  for  System  4. 

Had  we  used  System  9,  the  land-based  submersible  tanker  system, 
as  an  example,  we  would  have  arbitrarily  assumed  that  25  platforms 
would  be  sufficient.  It  was  also  assumed  that  no  pusher  submarines 
would  be  procured  for  this  system,  but  that  the  Navy  would  be  given 
the  responsibility  for  the  one-time  requirement  for  moving  the  plat¬ 
forms  to  their  posts. 


THE  PARASITE  PENETRATOR  AND  ITS  LONG  ENDURANCE  AIR, CRAFT  PLATFORM 

The  parasite/LEA  penetrator  systems  involve  t.'he  use  of  two  air¬ 
craft  to  fulfill  the  stipulated  mission.  A  penetrator  with  a  low 
level  speed  and  payload  similar  to  the  AMSA,  but  with  reduced  fuel 
capacity,  is  carried  toward  its  target  by  a  Mach  0.3  LEA  and  released 

about  1000  miles  from  the  target.  After  completion  of  its  mission, 

* 

it.  is  recovered  and  ferried  back  to  its  base  in  the  L I. 


The 

technical  characteristics 

of  the  parasite 

and  LEA  are  as 

follows: 

Parasite 

LEA 

1. 

Leng  th 

51  ft 

180  ft 

2. 

Wing  span 

33  ft 

390  ft 

3. 

Material 

Aluminum 

Aluminum 

4. 

Number  of  engines 

2  turbofans 

4  turbojets  and 
4  turboprops 

5. 

Gross  weight 

55,000  lb 

475,000  lb 

6. 

AMPR  weight 

16,000  lb 

158,000  lb 

7. 

Maximum  speed 

Mach  0.9 

Mach  0  3 

For  a  detailed  description  of  this  system  and  its  operational  con¬ 
cepts,  see  R.  B.  Murrow  and  A.  J.  Tenzer ,  Low-altitude  Manned  Penetrators: 

A  Comparison  of  Dromedary-carried  Parasite  and  Tanker -supper ted ,  Large 
Bomber  Systems  (u) ,  The  RAND  Corporation,  RM-3791-PR,  January  1965  (Secret) 
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8  . 

Maximum  thrust/aircraf t 

13,000  lb 

19,000  lb  (turbojets), 

— 

. .  . . . — - . - . 

13,000  11. P.  (turboprops 

9  . 

Fuel  and  payload 

32,000  lb 

307,000  lb 

10. 

Wing  loading 

200  lb/sq  ft 

38  lb/sq  ft 

11. 

Laminar  flow  control 

(wing) 

No 

Yes 

12. 

Variable  swept  wing 

No 

No 

13. 

Maximum  endurance 

N/A 

100  hr 

In 

this  study  two  systems  using 

the  parasite/LEA  have  been 

postulated  and  examined,  differing  only  in  alert  configuration. 

System  10  is  one  in  which  the  aircraft  are  on  75  per  cent  airborne 
alert  System  11  is  one  in  which  the  aircraft  are  on  50  per  cent 
ground  alert. 

For  System  10  we  assumed  that  no  additional  requirement  for 
training  flights  would  exist.  Deployment  would  be  15  aircraft  per  ZT 
base,  in  some  combination  of  parasites  and  LEA's.  With  an  assumed 
limit  of  120  flying  hours  per  month  for  aircrew  members,  the  crew 
ratio  of  4.8  was  derived.  A  total  crew  of  1?  was  deemed  necessary 
for  the  combined  parasite/LEA  aircraft. 

For  System  11  an  operational  program  similar  to  the  AMSA  was 
assumed--! .e  .  ,  a  flying  hour  program  of  650  hours  per  aircraft  per 
year  and  a  crew  ratio  of  2.0.  Deployment  of  15  aircraft  was  assumed 
per  ZI  base,  with  a  crew  complement  of  12. 

Equipment  Requirements 

For  System  10  the  requirement  for  alert  penetrators  was  again 
set  at  100.  Based  on  the  endurance  capability  of  the  LEA  aircraft, 
together  with  maintenance  and  other  operational  assumptions,  it  was 
found  that  134  aircraft  would  be  necessary  to  maintain  100  aircraft 
airborne  at  all  times.  This  amounts  to  approximately  75  per  cent 
utilisation,  or  75  per  cent  airborne  alert. 

For  System  11  the  requirement  for  100  alert  penetrators  on  50 
per  cent  ground  alert  results  in  a  need  for  200  each  of  the  parasite 
and  LEA.  This  does  not  Include  aircraft  for  command  support  or 
attrition . 
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THE  SUBMERSIBLE  PENETRATOR  AIRCRAFT 

The  third  penetrator  aircraft  examined  in  this  study  is  the 
submersible  penetrator  aircraft.  This  penetrator  is  one  capable  o"f_ 
being  suomerged  in  a  covert  position. 

The  technical  characteristics  of  the  SPA  ire  as  follows: 


1. 

Length 

62  ft 

2. 

Wing  span 

45  ft 

3, 

Material 

Steel 

4. 

Number  of  engines 

3  turbojets 

5. 

Gross  weight 

100,000  lb 

6. 

AMPR  weight 

25,000  lb 

7. 

Maximum  speed 

Mach  0.9 

8. 

Maximum  thrust  per  aircraft 

40,000  lb 

9. 

Fuel  and  payload 

60,000  lb 

10. 

Wing  loading 

200  lb/sq  ft 

11. 

Variable  swept  wing 

No 

12. 

Laminar  flow  (wing) 

No 

The  SPA  aircraft  would  be  based  around  the  periphery  of  the  Sino- 
Soviet  land  mass  at  a  distance  of  about  1000  miles,  as  shown  in  Fig.  4. 
like  the  previously  discussed  penetrator  systems,  it  would  become 
operational  in  the  mid-1970's,  replacing  the  B-52,  on  a  one-for-one 
basis.  It  would  be  similar  to  the  B-52  in  manning,  maintenance,  and 
peacetime  flying  hour  program.  It  would  be  moored  on  submerged  plat- 
torms  as  shown  in  l’ig.  5,  or,  in  the.  case  of  System  18,  it  would 
be  based  in  the  ZI  with  a  capability  for  flying  out  to  an  unmanned 
submerged  fuel  platform  and  submerging  for  refueling  purposes. 

Seven  weapon  systems  have  been  examined  using  the  SPA  aircraft. 

Six  of  these  have  submerged  basing  and  fueling  support,  and  the  seventh 
is  the  flyout  system.  The  SPA  systems  are  as  follows  (with  high  and 
low  mobility  and  the  underwater  alert  fraction  as  previously  discussed 
for  the  AMSA  systems): 

* 

Steel  with  a  yield  strength  of  50,000  psi,  used  in  submarine 
construction  circa  1942-58, 
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Fig.4— Sino-Soviet-bloc  target  system  with  contour 
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Fig. 5— Submersible  penetrator  aircraft  platform  with  nuclear 
pusher  tug  and  complement  of  ten  aircraft 
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-  12.  SPA  penctrator ,  underwater  based,  high  mobility,  33-1/3 

underwater  alert.  -  — . 

13 .  SPA  penetratin',  underwater  based,  high  mobility,  50-por—  -  - 
cent  underwater  alert. 


14.  SPA  penctrator,  underwater  based,  high  mobility,  66-2/3 
per  cent  underwater  alert. 

15.  SPA  penetrator,  underwater  based,  low  mobility,  33-1/3 
per  cent  underwater  alert. 

16.  SPA  penetrator,  underwater  based,  low  mobility,  50  per 
cent  underwater  alert. 

17.  SPA  penetrator,  underwater  based,  low  mobility,  66-2/3 
per  cent  underwater  alert. 

18.  SPA  penetrator,  land  based,  on  50  per  cent  ground  alert, 
with  flyout  to  unmanned  submerged  platform. 

For  Systems  12  through  17  the  submersible  platforms  are  essentially 
the  same  as  those  used  with  the  submersible  tankers  for  the  AMSA  system. 
Ten  penetrators  are  moored  upon  each  platform.  Using  the  same  rationale 
as  for  the  submerged  tankers,  it  was  presumed  that  of  the  ten  SPA's  on 
station,  eight  would  be  in  a  state  of  readiness. 


Equipment  Requirements 

The  general  procedure  for  determining  the  equipment  requirements 
was  as  follows: 

1.  Determine  the  number  of  alert  penetrators  required. 

2.  Calculate  the  total  penetrators  necessary  to  guarantee  the 
required  number  on  alert. 

3.  Calculate  the  number  of  platforms  necessary  to  moor  the 
requisite  number  of  alert  penetrators,  or  necessary  for  rear 
area  requirements  (training,  etc.). 

4.  Calculate  the  total  platforms  necessary  to  guarantee  the 
number  required  in  Step  3. 

5.  Determine  how  many  pusher  submarines  each  system  requires  to 
provide  the  indicated  degree  of  mobility. 

6.  Calculate  the  total  pusher  submarines  required  for  each  system 
to  provide  the  indicated  degree  of  mobility. 

7.  Determine  how  many  fueling  platforms  are  required  for  System 
18,  the  flyout  system. 

The  results  of  these  calculations  have  been  presented  in  Table  1. 
An  illustrative  calculation  follows,  given  according  to  the  steps 
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indicated  above.  Since  the  example  used- for  the  ArtSA  with  submersible 
tanker  support  had  high  mobility  and  a  50  per  cent  underwater  alert 
fraction,  we  shall  now  use  for  illustration  a  low  mobility  system 
with  a  33-1/3  per  cent  uxxderwater  alert  fraction  (System  15). 

1.  The  number  of  alert  penetrators  was  again  3et  at  100. 

2.  Having  arbitrarily  assumed  that  only  eight  of  the  ten  SPA's 
on  each  platform  will  be  in  a  state  of  readiness  at  any 
given  time,  it  will  be  necessary  to  have  125  SPA's  on 
station  to  guarantee  100  in  readiness.  Since  this  system 
is  one  with  a  33-1/3  per  cent  sea  alert,  we  arrive  at  a 
requirement  for  three  times  125  operational  aircraft,  or 
375. 

3.  In  determining  the  number  of  platforms  required,  the  assumption 
was  again  made  that  rear  area  aircraft  would  be  evenly  dis¬ 
tributed  between  training  and  maintenance  activities  and  that 
no  platforms  would  be  required  for  aircraft  in  maintenance.- 
With  each  platform  designed  to  accommodate  ten  aircraft  ■, 

the  total  number  necessary  would  be 

125-+  (250  i  2) , 

10 

4.  To  the  25  platforms  would  be  added  an  additional  10  per  cent 
(or  2.5)  to  allow  for  platform  maintenance  --  total:  28 
platforms . 

5.  For  a  low  mobility  system,  such  as  System  15,  the  assumption 
was  made  that  there  would  be  one  pusher  submarine  for  each 
of  six  geographic  locations. 

6.  Fifty  per  cent  (or  three)  additional  submarines  for  reliability 
and  maintenance;  total:  nine  pusher  submarines. 

For  System  18  we  again  assumed  a  requirement  for  25  platforms 
only,  and  for  no  pusher  submarines. 


PERSONNEL  REQUIREMENTS 

A  significant  portion  of  the  costs  included  in  such  analyses  are 
directly  related  to  the  personnel  requirements.  Pay  and  allowances, 
training  of  replacements ,  travel  expenses  ,  cost  of  organizational 
equipment,  and  many  similar  costs  vary  directly  with  personnel 
otrcngth.  For  this  reason  a  reliable  estimate  of  personnel  require¬ 
ments  is  a  crucial  part  of  a  weapon/support  system  cost  analysis. 

Generally  speaking,  there  are  four  major  types  of  personnel 
required  for  tactical  systems: 
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•  .  Operational 

Maintenance 
Administrative  ‘T 
.  Support 

Operations  personnel  are  concerned  most  directly  with  the  operation 
of  the  primary  equipment  (e.g.,  the  flight  crews  that  man  the  aircraft). 
Maintenance  personnel  keep  the  primary  mission  equipment  functioning 
effectively . 

These  two  categories  of  personnel  are  supported  by  others,  the 
administrative  and  support  personnel.  Personnel  record  keeping, 
command,  pay  administration,  food  services,  recreation,  housing,  off- 
duty  education  --  all  these  services  are  provided  to  personnel  at 
military  installations;  and  someone  must  perform  these  services. 

The  functions  of  such  personnel  are  not  directly  related  to  the 
primaiy  equipment  of  the  weapon  system,  but  rather  to  the  personnel 
of  the  weapon  system.  Since  an  increase  In  the  number  of  directly 
related  operational  and  maintenance  personnel  of  a  weapon/support 
system  will  result  in  some  increase  in  the  requirement  for  administration 
and  support,  these  types  of  personnel  may  also  be  considered  as  part  ol 
the  resources  required  by  a  weapon/support  system. 

Within  the  organizational  framework  of  the  Air  Force  it  is 
relatively  easy  to  determine  the  relationship  between  individual 
weapon/support  systems  and  their  operational  and  maintenance 
personnel.  For  operational  personnel,  Information  is  required  about 
such  things  as  the  amount  of  primary  equipment  (e.g.,  aircraft), 
the  mission  requirements  (e.g.,  hours  to  be  flown),  the  number  of 
personnel  required  per  aircraft,  the  allowable  craw  flying  hours, 
and  other  such  categories  of  information. 

To  relate  maintenance  personnel  to  weapon/support  systems  is  less 
easy,  but  Is  usually  accomplished  using  some  measure  of  the  workload, 
which  in  turn  depends  on  the  physical  characteristics  of  the  equipment, 
its  reliability,  and  the  applicable  maintenance  philosophy. 

In  the  case  of  administrative  and  support  personnel  the  problem  of 
identification  is  more  difficult.  Generally  speaking,  however,  esti¬ 
mating  relationships  can  be,  and  have  been,  derived  for  determining 
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the  number  of  administrative  and  support  personnel  likely  to  be 

- -  -----  —  - . - 

required,  based  on  operational  and  maintenance  personnel  strength. 

Host  Systems  Versus  Tenant  Systems 

To  arrive,  at  an  estimate  of  the  personnel  requirements  for  the 

eighteen  penetrator  systems  in  this  study,  it  was  necessary  to  make 

some  assumptions  regarding  the  methods  of  basing  the  aircraft.  What 

is  referred  to  here  is  the  determination  of  the  host/tenant  status 

of  the  systems  at  the  bases  from  which  they  would  operate,  or  which 

would  be  considered  their  home  stations  when  not  on  airborne  or 

underwater  alert.  This  is  important  because  a  host  system  has 

responsibility  for  exercising  the  base  command  function,  and  within 

our  methodology,  it  has  ascribed  to  it  the  number  of  people  who  would 

be  necessary  to  operate  the  base  if  there  were  no  tactical  units 

assigned  to  the  base.  The  tenant  systems  are  charged  with  those 

additional  support  personnel  who  are  required  due  to  the  addition 

ick 

of  the  tactical  units  to  the  base.  Since  in  our  study  the 
penetrator  systems  are  considered  to  be  replacements  for  the  B-52, 
which  is  usually  a  host  system,  we  have  assumed  that  the  penetrator 
aircraft  would  take  on  the  same  host  organizational  responsibility 
as  the  B-52.  Conversely,  all  support  aircraft  (tankers,  both 
submersible  and  other,  and  the  LEA  platform)  would  be  located  as 
tenants  on  bases  of  the  Strategic  Air  Command. 

Personnel  necessary  for  the  FLAM  air-to-ground  missiles  have 
been  included  in  the  estimated  personnel  requirements  for  the  aircraft. 
It  must  be  noted,  however,  that  no  personnel  requirements  have  been 
estimated  to  provide  for  manning  of  the  submersible  support  equipment 

J.  P.  Large  (ed.),  Concepts  and  Procedures  of  Cost  Analysis, 

The  RAND  Corporation,  RM  3589 -PR,  June  1963,  Chap.  XII,  p.  9. 

A.  J.  Ter.zer,  0.  Hansen,  and  E,  M,  Roque,  Relationships  for 
Estimating  USAF  Administrative  and  Support  Manpower  Requirements, 

The  RAND  Corporation,  RM-4366-PR,  November  1964. 

‘ii'frf't 

Forward  launched  aerodynamic  missile. 
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(platforms  or  pusher  submarines).  As  noted  previously j  no  operational 
or  support  details  for  such  equipment  was  provided,  non  could  they 
be  projected  from  current  USAF  operations.  In  consequence,  no 
attempt  was  made  to  derive  personnel  estimates  for  the  undersea 
equipment  operation  and  support,  but  rather  a  provision  was  made 
for  personnel  costs  within  the  operating  cost  factor  used. 

The  Personnel  Estimates 

The  requirement  for  operations  personnel,  who  in  our  study  would 
be  the  personnel  in  the  bomber  and/or  air  refueling  squadrons,  was 
calculated  by  multiplying  the  number  of  personnel  in  each  crew  (which 
is  a  consequence  of  the  aircraft  design  and  mission)  by  the  crew 
ratio  (which  is  determined  by  the  maximum  permissible  flying  time 
for  each  crew).  To  the  result  is  then  added  an  additional  10  per 
cent  to  allow  for  squadron  nonflying  personnel.  The  crew  ratio 
for  all  systems,  except  the  parasite/LEA  on  airborne  alert,  was 
assumed  to  be  2.0  (two  crews  per  aircraft).  This  is  somewhat  higher 
then  the  crew  ratio  currently  used  for  the  B-52/KC-135.  For  the 
parasite/LEA  on  airborne  alert  the  crew  was  assumed  to  fly  120  hours 
per  month,  which  results  in  a  crew  ratio  of  4.8. 

Maintenance  personnel,  for  our  purposes,  would  be  the  personnel 
of  Organizational  Maintenance,  Field  Maintenance,  Munitions  Main¬ 
tenance,  Missile  Maintenance,  and  Armament  and  Electronics  squadrons. 
Such  personnel  have  been  estimated  by  an  approach  used  in  the  Manned 

if 

Bomber  study,  which,  generally  speaking,  assumes  a  constant  minimum 
number  (50)  of  maintenance  personnel  per  base,  augmented  by  an  incre¬ 
ment  dependent  on  the  aircraft  weight  and  engine  thrust  of  the  weapon 
systems  on  the  base.  For  penetrator  aircraft  (with  their  more  complex 
avionics),  an  additional  100  personnel  per  15  aircraft  were  allowed. 
Where  the  system  includes  submersible  aircraft,  the  personnel  esti¬ 
mate  was  increased  by  another  20  per  cent,  of  which  half  would  provide 

if 

Cost  Analysis  Department,  Weapon  Systems  Cost  Estimates  of  the 
Penetrating  Manned  Bomber  Study  (U) ,  The  RAND  Corporation,  KM-3073-PR, 
April  1963  (Secret--Privileged  Information). 
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maintenance  on  the  platforms  and  the  other  half  would  satisfy-additiona 

base  maintenance  requirements ,  the  nature  of  which  is  as  yet  unknown. 

- Administrative- personnel  are  found  in  the  Wing  Headquarters  units. 

Support  personnel  in  units  such  as  air  base  groups ,  base  operationa 

squadrons,  food  service  squadrons,  combat  defense  squadrons,  USAF 

hospitals,  or  system  requirements  for  such  personnel,  are  based  on  the 

number  and  type  of  bases  required,  and  the  number  of  operations  and 

maintenance  personnel  stationed  at  those  bases,  using  relationships 

* 

previously  developed. 

A  summary  of  personnel  requirements  per  squadron  of  15  aircraft 
is  shown  in  Table  3. 


?A.  J.  Tenzer ,  0.  Hansen,  and  E.  M.  Roque,  Relationships  for 
Estimating  USAF  Administrative  and  Support  Manpower  Requirements , 
The  RAND  Corporation,  RM-4366-PR,  November  1964. 
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•  III  .  COST  'METHODOLOGY -  -  '  —  — 

Individual  weapon  system  cost  analysis,  as  distinct  from  force 
structure  analysis,  deals  ordinarily  with  the  cost  of  introducing  a  new 
system  into  the  inventory  and  operating  it  for  an  arbitrary  period 
of  time,  with  no  reference  to  cost  impact  for  any  specific  year. 

The  emphasis  is  on  comparative  costs  of  weapons  system  that  can 
perform  similar  wartime  missions. 

This  study  has  used  such  an  individual  cost  analysis  concept  for 
comparing  weapon  system  alternatives. 

TOTAL  WEAPON  SYSTEM  COSTS 

A  weapon  system  consists  of  equipment,  personnel,  facilities, 
and  skills  and  techniques,  the  composite  of  which  forms  an  instrument 
of  combat  in  its  intended  environment.  It  is  usually  Identified  by 
the  name  of  the  major  aerospace  vehicle  associated  with  it  --  B-52, 
Minuteman,  etc.  The  summation  of  the  costs  of  all  these  activities  is 
known  as  the  total  weapon  system  cost. 

Obviously,  the  introduction  of  a  new  weapon  system  into  the 
inventory  will  not  result  in  a  need  for  completely  new  land  for  bases, 
or  for  the  recruitment  of  a  completely  new  cadre  of  personnel,  or  for 
all  new  facilities.  Some  of  these  resources  will  be  currently 
available  at  any  given  time,  as  other  weapon  systems  are  phased  out, 
or  from  within  the  inventory  of  existing  resources.  Existing  bases 
may  be  expanded,  personnel  may  be  retrained,  and  common  equipment 
may  be  usable  for  more  than  one  weapon  system.  The  underlying 
philosophy  of  our  method  is  to  estimate  the  Incremental  cost  of 
introducing  the  new  capability  into  the  inventory.* 

MAJOR  COST  CATEGORIES 

There  are  three  major  cost  categories  reflating  to  the  key 
decisions  that  must  be  made  in  the  evolution  of  a  weapon  system: 


For  a  detailed  explanation,  see  J.  P.  Large  (ed.)„  Concepts  and 
Procedures  of  Cost  Analysis,  The  RAND  Corporation,  RM-3589-PR,  June  1963 
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to  develop  it,  to  buy  it  after  development,  and- to  subsequently  - 
operate  it.  These  three  major  cost  categories  are  Research,  Develop¬ 
ment,  Test  and  Evaluation  (RDT&E) ,  Initial  Investment,  and  Annual 
Operating . 

RDT&E  includes  the  design,  production  tooling,  testing,  and 
evaluation  of  the  system.  Such  RDT&E  costs  are  a  function  of  the 
extent  to  which  the  state  of  the  art  must  be  pushed. 

Initial  Investment  refers  to  the  cost  of  buying  a  specified 
level  of  capability  and  introducing  it  into  the  force.  It  Includes 
procurement  costs,  minor  modification  costs,  and  certain  personnel 
costs,  such  as  initial  training. 

Annual  Operating  costs,  as  the  name  implies,  are  yearly  recurring 
costs  related  to  the  continuance  of  the  capability  within  the  force. 
These  costs,  like  Initial  Investment  cost,  depend  directly  on  the 
size  of  the  force. 

FIVE-YEAR  SYSTEM  COSTS 

In  this  study  we  have  compared  the  cost  of  alternative  strategic 
weapon  systems  capable  of  performing  the  same  mission,  that  of 
penetrating  the  Sino-Soviet  land  mass  and  delivering  a  payload  of 
10,000  lb  of  air-to-surface  missiles. 

These  weapon  systems  consist  of  at  least  two  of  three  types  of 
equipment: 

1.  Aircraft  of  one  or  more  types 

2.  Missiles 

3.  Submersible  equipment 

The  procedure  followed  in  deriving  the  cost  estimates  for  each 
of  the  alternative  systems  was  to  first  estimate  the  five-year  system 
cost  of  the  aircraft  involved;  then  the  five-year  system  cost  of  the 
missiles;  and,  finally,  where  applicable,  the  five-year  system  cost 
of  the  submersible  equipment.  For  each  alternative  the  appropriate 
five-year  system  costs  were  added  together  into  a  total  weapon  system 
cost . 
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— 1 - The  aircraf t-r eiaceH “portion- of"  the  total  system  cost  ranges '"from — 

at  least  75  per  cent  to  over  95  per  cent  of  the  cost  of  each  of  the 
--z  -alternative  systems  under  consideration.  “As  a  result,  we  have  con¬ 
centrated  our  efforts  on  the  estimate  of  aircraft  costs. 

Estimates  of  the  costs  of  developing  and  procuring  a  new  air¬ 
craft  are  based  in  large  measure  on  the  technical  characteristics 
specified.  Since  both  the  RDTScE  and  procurement  cost  estimates  for 
this  study  were  prepared  concurrently,  they  will  be  presented  to¬ 
gether.  The  technical  characteristics  used  in  making  these  estimates 
have  already  been  presented  in  Section  II. 
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'■  jy,  AIRCRAFT  COSTS  T7 '  - 

RDT&E  -  "  -  :  _ _ _ 

RDT&E  costs  in  this  study  were  estimated  assuming  a  full  weapon 
system  program,  in  which  the  selected  contractor  designs,  develops ( 
and  builds  with  production  tooling  the  necessary  aircraft  to  carry 
the  program  through  Categories  I  and  II  testing  and  the  procurement 
phase.  It  was  assumed  that  aircraft  contractors,  and  not  shipyards, 
would  build  the  submersible  aircraft.  The  quantity  of  vehicles 
selected  for  the  development  program  was  based  on  the  relative  com¬ 
plexity  of  the  system  involved.  This  figure  varied  from  five  to  30. 

The  test  vehicles  were  not  considered  aB  part  of  the  procured  inven¬ 
tory  . 

This  approach,  in  contrast  to  the  prototype  approach,  permits 
the  use  of  similar  line  elements  of  cost  for  both  the  RDTficE  and  Primary 
Mission  procurement  items.  A  summary  of  RDT&E  costs  is  shown  in 
Table  4. 

PRIMARY  MISSION  EQUIPMENT 

Use  of  the  weapon  system  program  approach  permits  the  breakdown 
of  production  costs  to  be  extensions  of  the  RDT&E  cost  elements. 

The  RDT&E  program  includes  the  cost  of  testing  for  a  given  quantity 
of  vehicles  in  quantity  after  RDT&E  is  completed.  Table  5  provides 
a  summary  of  procurement  costs,  and  Figs.  6  and  7  show  the  cumulative 
average  cost-quantity  curve  excluding  and  including  RDT&E 

Engineering 

In  this  study,  engineering  cost  includes  the  cost  of  the  line  and 
staff  engineering  personnel,  both  direct  and  indirect,  that  would  be 
required  for  the  design  and  system  integration  of  the  complete  vehicle. 
It  also  includes  the  cost  of  engineering  and  manufacturing  personnel 
required  to  provide  the  necessary  development  and  component  testing 
(e.g.,  wind  tunnel,  materials  laboratory,  etc.)  during  the  initial 
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After  production  of  100  AMSA  bombers  . 
'After  production  of  1000  AMSA  bombers . 


SUMMARY  OF  PRIMARY  MISSION  EQUIPMENT  PROCUREMENT  COST  (CUMULATIVE  AVERAGE) 

($  million) 
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After  production  of  1000  AMSA  bombers. 
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Fig. 6— Cumulative  average  cost  curve  excluding  RDT&E 
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mockup  and  subsequent;  qualification-testing  phases,as  well  as  the- 
necessary  materials.  The  cost  of  engineering  shown  in  Table  3,  for 
example,  is  carried  to  the  point  of  completion  of  the  required  number 
of  test  vehicles.  Not  included  is  the  engineering  and  manufacturing 
manpower  required  for  the  flight  test  program. 

The  engineering  cost  estimates  shown  are  based  on  historical, 
informatio:  on  conventional  military  aircraft,  formalized  statistically 
into  the  following  expression: 

Log  ™  0.90462  +  0.54716  log  knots  +  0.88000  log  thrust, 

where  T^  ■  the  engineering  hours  for  the  first  unit. 

The  total  engineering  effort  up  to  any  given  cumulative  aircraft 
quantity  is  estimated  from  this  expression: 

0.2 

Total  engineering  hours  “  ’JLN  , 

where  ^  is  derived  as  above,  and  N  »  cumulative  quantity  produced. 

It  was  recognized  that  certain  of  the  aircraft  have  characteristics 
quite  different  from  those  on  which  the  foregoing  relationship  was 
based.  Because  of  this,  an  adjustment  was  made  for  the  AMSA  bomber, 
for  example,  to  compensate  for  the  presence  of  a  variable  sweep  wing. 
Also,  considerable  adjustments  were  made  to  the  estimate  of  engineering 
hours  for  the  submersible  aircraft  to  account  for  the  following  items: 

(1)  Coordination  with  the  shipbuilding  industry  on  marine 
technology  for  the  submerged  mode. 

(2)  Development  of  a  new  confidence  base,  from  the  structural 
viewpoint,  to  account  for  the  new  loading  spectrum  and 
the  use  of  steel  as  the  primary  structural  material. 

(3)  Additional  development  testing  for  the  underwater  sub¬ 
systems,  water-ski  landing  gear,  jet  flap,  and  flooding 
of  fuel  cells  (behind  bladders)  and  engine  intakes  for 
water  ballast  provisions. 

(4)  Loss  of  efficiency  due  to  coordination  problems  in  c.reas 
described  above  that  would  result  in  more  than  the  normal 
level  of  false  starts  during  the  ear’  design  stages. 

Adjustments  were  also  made  in  the  case  of  the  LEA  to  allow  for  the 
introduction  of  laminar  flow  control  techniques. 
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Toollng  --  ______ - - 

Tooling  represents  the  summation  of  initial  tooling,  duplication 
for  tool  production  rate  increases  and  sustaining  tooling  costs.  In¬ 
cluded  are  tool  design,  planning,  tool  inspection,  and  tool  materials. 

The  formal  estimating  relationship  used  for  this  is  as  follows: 

Log  T.  =  2.79589  +  0.66637  log  knots  +  0.46715  log  (gross  wt  x  thrust)  , 

L06 

where  =  initial  tooling  hours 

0  138 

Total  tooling  hours  =  T, F  N  , 

In 


where  T^  is  as  above, 

F^  =  R^ =  adjustment  factor  for  production  rate  tooling, 

N  a  cumulative  quantity  produced. 

As  in  the  case  of  engineering,  adjustments  were  made  wherever  necessary 
to  allow  for  the  increased  complexity  of  the  AMSA  pivot  wing  or  the 
laminar  flow  control  on  the  LEA,  or  for  the  reduced  complexity  to  tool 
for  steel  on  the  submersible  aircraft.  These  adjustments  were  made 
by  taking  into  account  the  details  of  the  individual  designs. 


Avionics 

The  costs  shown  in  RDT&E  for  avionics  are  those  incurred  by  the 
avionics  industry  to  develop  the  necessary  avionic  equipment  for  the 
mission  requirements.  Two  values  are  shown:  $150,000,000  for  aircraft 
that  penetrate  the  enemy's  defenses  (AMSA,  submersible  penetrator,  and 
the  parasite  aircraft),  and  $10,000,000  for  the  aircraft  support 
(tankers  and  LEA).  These  values  were  based  on  individual  estimates 
that  have  yet  to  be  formally  documented.  Costs  for  installed  avionic 
equipment  are  included  in  the  "Flight  test  vehicle"  line  item  (for 
RDT&E)  and  under  "Avionics"  (for  production). 


Engines 

New  engines  were  considered  for  one  airplane,  the  AMSA  bomber. 
Estimates  for  RDT&E  were  based  on  historical  data  derived  from  engine 
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con  tractor  a.  The  values  include  the  full  cost  for  component  develop¬ 
ment  and  testing,  engine  demonstrators,  qualification  through  Pre¬ 
liminary  Flight  Rating  Test  and  Model  Qualification  Test,  together 
with  a  proportion  of  product  improvement  cost  depending  on  the 
quantity  produced.  The  relationship  used  as  a  base  to  describe  the 
RDT&E  costs  for  a  turbojet  engine  is: 

L°S  Y.2000  =  -0.32480  +  0.67471  log  T, 

where  Y  2qqq  =  tota-*-  development  cost  for  a  turbojet  engine 
to  the  2000th  production  delivery  in  millions 
of  dollars  (not  included  is  the  production 
cost  of  2000  engines), 

T  =»  turbojet  thrust,  including  afterburner  (lb). 

Existing  engines  were  assumed  for  the  remaining  aircraft  under 
consideration;  the  RDT&E  cost  shown  in  Tables  6  through  12  is  for 
modifications  for  the  particular  application. 

Individual  engine  costs,  which  are  based  on  historical  data 
versus  quantity  produced,  are  included  either  in  the  "Flight  test 
vehicles"  (for  RDT&E),  or  under  "Engines"  (for  the  production  program) 

Production 

Production  labor  estimates,  including  quality  control,  were  based 
on  the  individual  characteristics  of  the  vehicle  in  relation  to  the 
historical  raw  data  existing  on  previous  aircraft.  Although  certain 
formal  relationships  are  available  that  condense  this  raw  data  into 
statistical  regression  equations,  it  was  considered  inappropriate  to 
use  parameters  involving  weight,  for  example,  on  airplanes  using  steel 
for  primary  structure.  Because  of  this,  the  production  costs  for  all 
aircraft  considered  were  established  and  compared  with  one  another 
on  the  basis  of  available  raw  data  on  similar  forms  of  construction 
and  with  the  use  of  considerable  collective  judgment.  To  allow  for 
the  cost  impact  of  the  use  of  steel  for  the  structure,  the  submersible 
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aircraft  were  first  considered  as  having  all  aluminum  constructions _ : 

with  an  AMPB  weight  to  gross  weight  ratio  similar  to  other  similarly 
sized  aircraft.  Then  the  production  hours  normally-attributed  to 
this  weight  of  structure  were  subdivided  into  structure  and  subsystems 
and  an  adjustment  wg's  made  to  the  structure  portion  to  allow  for  the 
use  of  steel,  the  subsystems  portion  remaining  constant.  Production 
hours  for  the  AMSA  and  LEA  aircraft  included  adjustments  for  variable 
wing  sweep  and  laminar  flow  control,  respectively.  The  "effect  of 
disruptions  normally  associated  with  the  production  of  advanced  sys¬ 
tems  was  included  in  the  submersible  aircraft  production  costs  by 
adjustments  to  the  slope  of  the  cost-quantity  curve. 

In  all  cases  the  cost  of  the  first  series  of  airplanes  was 
assigned  to  the  "Flight  test  vehicles"  line  item  in  Tables  6  through 
13,  under  RDT&E;  the  cost  of  the  remainder  was  assigned  to  production. 

Material 

Costs  of  material  for  the  aluminum  airplanes  were  based  on  his¬ 
torical  values  as  a  function  of  weight  and  type  of  materials  employed. 
For  the  steel  airplanes,  modifications  to  these  values  were  made, 
based  on  raw  material  cost  differences. 

Flight  Test  Operations 

Except  for  the  submersible  cases,  all  aircraft  flight  test  costs 
are  for  Category  I  tests  only.  Since  the  submersible  aircraft  will 
undergo  considerably  more  Category  II  testing  than  conventional 
aircraft,  an  allowance  has  been  included  for  this  difference.  The 
incremental  value  of  $200  million  shown  in  Tables  8  and  12  is  quite 
arbitrary  and  has  little  justification  except  for  the  opinion  that 
some  allowance  should  be  made  to  cover  testing  in  a  combined  marine/ 
aeronautical  environment  for  which  the  Air  Force  is  not  presently 
equipped. 
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Table  6 

AMSA  BOBBER 
(§  mtllLon) 


Gross  weight . .  375,000  lb 

Maximum  Mach  no....  2.5 

Material .  Aluminum 


Research,  Development,  Test  &  Evaluation--Total  Costs 


Engineering . 360 

Tooling .  200 

Subsystems.... .  150 

Engines.. . 600 

Flight  test  vehicles  (20)....  437 

Flight  test  operations .  200 

Total .  1947 


Productlon--cumulative  average 
cost  Less  RDT&E 


Production  Airplane  Quantity 


100  200  400  1000 


Engineering 

1.440 

1 . 060 

0.717 

0.405 

Tooling 

0.585 

0.397 

0.266 

0.144 

Production 

5.117 

4.338 

3.587 

2.644 

Material 

1.290 

1.179 

1.089 

0.965 

Avionics 

3.308 

3.112 

2.895 

2.561 

Engines 

2.225 

2.050 

1.850 

1.650 

Total 

13.965 

12.136 

10.404 

8.369 
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Tab  ie  7  —  - 

5.5,000-lb  PARASITE 
($  million) 


Gross  weight... .  55,000  lb 

Maximum  Mach  no  .... .  0,9 

Material .  Aluminum 


Research,  Development,  Test  &  Evaluation--Total  Costs 


Engineering .  51 

Tooling .  27 

Subsystems . 150 

Engines  . . . 20 

Flight  test  vehicles  (20),..  148 

Flight  test  operations .  36 

Total .  432 


Production  Airplane  Quantity 
Production--cumulative  average  - 


cost  Less  RDT&E 

100 

200 

400 

1000 

Engineering 

0.210 

0.147 

0.103 

0.059 

Tooling 

0.060 

0.033 

0.022 

0.013 

Production 

0.657 

0.558 

0.461 

0.354 

Material 

0.159 

0.145 

0.134 

0.119 

Avionics 

3.308 

3.112 

2.895 

2.561 

Engines 

0.226 

0.226 

0.226 

0.226 

Total 

4.620 

4.221 

3.841 

3.332 
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Table  8 

SUBMERSIBLE  PENETRATOR 
($  million) 

Gross  weight... .  100,000  lb 

Maximum  Mach  no .  0.9 

Material .  Annealed  steel 


Research,  Development,  Test  St  Evaluation--Total  Costs 

Engineering . 

Tooling . . . 

Subsystems  . . .  . 

Engine . 

Flight  test  vehicles  (30).. 

Flight  test  operations . 

Contingency-20  per  cent... 

Total . 


Production  Airplane  Quantity 


Production--cumulative  average 
cost  Less  RDTStE 

100 

200 

400 

1000 

Engineering 

1.560 

1.155 

0.830 

0.475 

Tooling 

0.217 

0.153 

0.107 

9.060 

Production 

1.265 

1.117 

0.965 

0.739 

Material 

0.216 

0.203 

0.188 

0.165 

Avionics 

3.308 

3.112 

2.895 

2.561 

Engines 

0.627 

0.63/ 

0.627 

0.627 

Contingency- -20  per  cent 

1.439 

1.273 

1.222 

0.925 

Total 

8.632 

7.640 

6.734 

5.552 

390 

54 

150 

50 

241 

422a 

261 

1568 


including  200  increment  for  Category  II  marine  environment 
testing . 
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,1. -Table  9  . 

KC - 1 3:5_TANKER  MODIFIED 
($  million) 


Gross  weight. .  301,000 

Maximum  Mach  no .  0.9 

Material . Aluminum 


Research,  Development,  Test  &  Evaluation- -Total  Costs 


Engineering .  0 

Tooling . . .  0 

Subsystems . 0 

Engines . .  0 

Flight  test  vehicles  (20)..  0 

Flight  te3t  operations.....  0 

Total .  0 


Modification  Airplane  Quantity 


Modification- -cumulative 
cost  Less  RDT&E 

average 

100 

200 

400 

1000 

Engineering 

— 

... 

— 

— 

Tooling 

— 

--- 

— 

— 

Production 

— 

— 

— 

— 

Material 

— 

... 

— 

— 

Avionics 

— 

— 

— 

— 

Engines 

— 

— 

— 

— 

Totala 

0.500 

0.390 

0.300 

0.215 

breakdown  into 

cost  elements  was 

made . 
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Table  10 

AMS A  TANKER  (AFTER  RDT&E  AND  PRODUCTION- OF  I 00  AMS A  BOMBERS) 

($  million) 


Gross  weight ....... .  375,000  lb 

Maximum  Mach  no'. ....  2.5 

Material . . . .  Aluminum 


Research,  Development,  Test  &  Evaluation--Total  Costs 


Engineering .  57 

Tooling. .  . .  29 

Subsystems .  0 

Engines . .  .  0 

Flight  test  vehicles  (5)....  57 

Flight  test  operations .  17 

Total .  160 


Production  Airplane  Quantity 
Production--cumulative  average  - 


cost  Less  RDT&E 

100 

200 

400 

1000 

Engineering 

0.687 

0.457 

0.302 

0.226 

Tooling 

0.497 

0.429 

0.281 

0.150 

Production 

4.326 

3.839 

3.281 

2.486 

Material 

1.290 

1.179 

1.089 

0.965 

Avionics 

0.555 

0.533 

0.508 

0.470 

Engines 

2.112 

1.980 

1.848 

1.650 

Total 

9.467 

8.417 

7.309 

5.947 
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Table  11. 


AMSA  TANKER  (AFTER  RDTStE  AND  PRODUCTION  OF  1000  AMSA  BOMBERS) 

($  million) 


Gross  weight .  375  ,000  lb 

Maximum  Mach  no .  2.5 

Material . .  Aluminum 


Research,  Development,  Test  &  Evaluation--Totai  Costs 


Engineering .  53 

Tooling .  27 

Subsystems . . . . . 

Engines . . . . . 

Flight  test  vehicles  (5) .  30 

Flight  test  operations .  17 

Total . 127 


Production- -cumulative  average 
cost  Less  RDT&E 

Production  Airplane  Quantity 

100 

200 

400 

1000 

Engineering 

0.174 

0.174 

0.174 

0.174 

Tooling 

0.151 

0.147 

0.138 

0.122 

Production 

2.514 

2.462 

2.305 

2.043 

Material 

0.982 

0.982 

0,982 

0.982 

Avionics 

0.555 

0.533 

0.508 

0.470 

Engines 

1.322 

1.322 

1.322 

1.322 

To  Lai 

5.698 

5.620 

5.429 

5.113 
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Table  12 


-  -  SUBMERSIBLE  TANKER 
($  million) 

Gross  weight. . .  300,000  lb 

Maximum  Mach  no. .  0.9 

Material . . . Annealed  steel 


Research,  Development 

,  Test  &  Evaluation--Total  Costs 

Engineering. 

...  750 

Tooling . 

...  163 

Subsys  terns . . 

10 

Engines . 

...  100 

Flight  test 

vehicles  (30) 

. . .  324 

Flight  test 

operations . . . 

...  453a 

Contingency- 

-20  per  cent. 

...  360 

Total. . . 

...  2160 

Production  Airplane  Quantity 

cost  Less  RDT&E  100 

200 

400 

1000 

Engineering 

2.900 

2.165 

1.476 

0.847 

Tooling 

0.627 

0.438 

0.309 

0.176 

Production 

3.659 

3.192 

2.785 

2.145 

Material 

0.637 

0.634 

0,632 

0.569 

Avionics 

0.555 

0.553 

0.508 

0.470 

Engines 

1.925 

1.925 

1.925 

1.925 

Contlngency-20  per  cent 

2.061 

1.777 

1.527 

1.226 

Total 

12.364 

10.664 

9.162 

7 . 358 

“including  200  incremenc  for  Category  II  marine  environment 
testing. 
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Table  13 - - 

475 , OOO-lb  LONG  ENDURANCE  AIRCRAFT 
($  million) 


Gross  weight .  475,000  lb 

Maximum  Mach  no ..... .  0.3 

Material . Aluminum 


Research 

,  Development 

Test  &  Gval 

uation- 

--Total  Costs 

Engineering . 

165 

Tooling . 

256 

Subsys  terns , . 

10 

Engines . . . . . 

40 

Flight  test 

vehicles  (15) 

190 

Flight  test 

operations . , . 

•  *  •  •  • 

33 

Total  , 

694 

Production  Airplane  Quantity 

cost  Less  RDT&E  100 

200 

400 

1000 

Engineering 

0.823 

0.412 

0.386 

0.221, 

Tooling 

0,441 

0.295 

0.260 

0.107 

Production 

3.747 

3.187 

2.621 

1.966 

Material 

1.615 

1.473 

1.362 

1.203 

Avionics 

0.555 

0.533 

0.508 

0.470 

Engines 

0.500 

0.500 

0.500 

0.500 

Total 

7.681 

6,400 

5.637 

4.467 
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A  contingency  of  20  per  cent  of  the  subtotal  costs  is  included 
for  the  submersible  aircraft  to  allow  for  the  uncertain  state  of  the 
design  philosophy.  For  example,  the  submersible  aircraft  are  based 
on  available  conventional  engines  and  the  use  of  steel  of  a  ship¬ 
building  specification.  If  later  studies  indicate  a  mandatory 
change  to  a  specialized  power  plant  or  more  sophisticated  material 
to  achieve  the  stated  performance  specification,  any  cost  increases 
will  be  subtracted  from  the  contingency  allowance  until  it  is  ex¬ 
hausted  . 

OTHER  INITIAL  INVESTMENT 

In  addition  to  the  cost  of  buying  the  primary  mission  equipment, 
other  one-time  outlays  are  necessary  in  the  introduction  of  a  weapon 
system  into  the  force.  These  outlays  arc  treated  below. 

Primary  Mission  Equipment  Spares 

Tliis  category  of  initial  investment  costs  includes  stocks  of 
spares  and  spare  parts.  The  cost  is  computed  by  taking  a  percentage 
of  the  investment  cost  of  the  item  of  equipment  for  which  the  spares 
are  to  be  used.  The  major  aircraft,  and  the  spares  percentage  deemed 
appropriate,  are  as  follows: 

Initial  Spares 


Aircraft  (per  cent) 

Penetrator 

SPA .  25 

AMS  A .  20 

Parasite .  20 

Support 

Submersible  tanker .  25 

KC-AMSA .  20 

KC-135A .  20 

LFA .  20 
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It  should  be  noted  here  that  an  additional-  five  jw»r  rent  :aliowahce.'-^-l_ 
was  added  to  the  spare  parts  for  the  submersible  aircraft.  This 
represents  initial  spares  located  on  the  submersible  barge  in-addition 
to  spares  located  at  base  or  depot. 

Aerospace  Ground  Equipment  and  Initial 
AGE  Spare  Parts 

This  category  includes  items  of  support  equipment  required  by 
the  aircraft.  It  includes  special  vehicles >  maintenance  and  test 
equipment,  and  simulation  equipment.  Since  specific  equipment  re¬ 
quirements  have  not  been  provided,  a  percentage  of  the  cost  of  the 
aircraft  was  used.  Cost  of  spare  parts  for  this  equipment  was  also 
estimated  based  on  its  initial  cost.  The  percentages  applied  are 
as  follows: 

AGE 

Initial 


AGE 

Spares 

(per  cent 

(per  cent 

Aircraft 

of  PME) 

of  AGE) 

Fenetrator 

SPA 

25 

20 

AMS  A 

20 

15 

Parasite 

20 

15 

Support 

Submersible  tanker 

25 

20 

KC-AMSA 

20 

15 

KC.-135A 

20 

15 

LEA 

20 

15 

In  both  the  AGE  and  AGE  Initial  Spares  categories,  an  additional 
five  per  cent  was  added  for  the  submersible  systems,  to  reflect  addi¬ 
tional  underwater  requirements  of  the  platform-based  systems. 

Facilities 

This  category  includes  investment  in  new  bases,  or  in  modification 
of  existing  bases  ,  resulting  from  the  introduction  of  a  new  capability 
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mco  the  force.  Since  these  aircraft  would  replace  strategic  aircraft 
on  a  one-for-one  basis,  we  assumed^that  existing  bases  would  be  avail¬ 
able  and  would  be  used.  Minor  modification  costs  of~$17  million  per 
base  would  be  required  for  all  new  aircraft  systems.  This  includes 
the  cost  of  modifications  to  hangars  and  maintenance  shops.  We  have 
assumed  that  no  runway  cr  taxiway  modifications  would  be  required. 

Initial  Training 

This  category  covers  only  the  formal  training  required  to  bring 
each  man  up  to  the  level  of  skill  required  for  his  task  with  the  new 
system.  Included  are  both  the  direct  costs  (pay  and  allowances  of 
students  and  instructors)  and  indirect  costs  (pro  rata  share  of  the 
cost  of  operating  Air  Training  Command  aircraft  and  bases). 

We  assumed  that  only  flying  personnel  would  require  initial 
training.  All  other  military  personnel  would  be  inherited,  already 
trained,  for  the  systems  being  phased  out.  The  numbers  of  crew  per¬ 
sonnel  and  the  initial  training  costs  per  crew  are  shown  below: 


Aircraft 

Number 

of 

Pilots 

Number 
of  Other 
Crew 

Cost  pei 
Pilot 

Cost  per 

r\  4-1.  .  ..  .■ 

VJ  LUCt  V>  JL  C.W 

Member 

Total  Coi 
per  Crew 

Penetrator 

SPA 

2 

2 

$200,000 

$  50,000 

$500,000 

AMSA 

2 

2 

150,000 

50,000 

400,000 

Parasite 

2 

150,000 

300,000 

Support 

Submersible 

tanker 

2 

2 

200,000 

50,000 

500,000 

KC-AMSA 

2 

2 

150,000 

50,000 

400,000 

KC-135A 

2 

2 

0 

0 

0 

LEA 

4 

8 

25,000 

25 ,000 

300,000 

MISCELLANEOUS  INVESTMENT 

Included  here  are  the  costs  of  initial  transportation,  initial 
travel,  and  initial  stock  level.  They  are  grouped  under  Miscellaneous 
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I nnocrmonr  no/ 


1-1  .  ..  4 _ 


cent  of  the  total  initial  investment  cost. 

Initial  travel  includes  the  cost  of  transporting  personnel  to 
the  operating  bases.  Costs  are  estimated  using  cost-per-man  factors 
(officers  and  airmen).  For  these  systems  the  costs  are  small  because 
we  assumed  the  inheritance  of  existing  bases  and  support  organizations 
and  their  personnel. 

Initial  transportation  includes  costs  of  transporting  equipment 
and  stocks,  except  aircraft  (which  are  assumed  to  be  transported  under 
their  own  power).  Til  is  cost  was  computed  by  using  a  relationship  that 
relates  this  cost  to  the  number  of  military  personnel  to  be  moved  to 
the  base,  and  the  initial  cost  of  the  equipment  (excluding  aircraft) 
that  is  to  be  moved  to  the  base. 

Initial  stock  level  includes  such  items  as  personnel  stocks 
(clothing,  food,  ammunition),  organizational  stocks  (pots,  pans, 
typewriters),  and  FOL  (fuel,  oils  and  lubricants).  The  initial 
cost  is  based  on  an  estimate  of  annual  consumption  and  the  pertinent 
Air  Force  policy  that  sets  the  required  stock  level  in  terms  of  a 
given  number  of  days  •  We  assumed  that  the  sbocrc  level  policy  would 
not  change  when  the  new  systems  'were  brought  into  the  force,  and,  since 
there  is  no  reason  for  the  consumption  rate  to  change  materially,  there 
would  be  only  a  small  incremental  cost. 


ANNUAL  OPERATING  COSTS 

Discussed  in  this  section  are  the  costs  of  operating  the  systems, 
which  will  recur  during  each  year  of  system  operation. 


Primary  Mission  Equipment  Maintenance 

Included  here  is  the  annual  cost  of  materials  used  at  the  bases 
and  Logistics  Command  depots  for  the  maintenance  of  the  aircraft.  It 
also  includes  the  cost  of  labor,  both  military  and  civilian,  at  the 
depot.  If  depot  maintenance  is  performed  by  a  contractor,  such  cost 
is  then  substituted  for  the  AFLC  depot  maintenance  cost. 
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Such  costs  are  normally  estimated  as  a  function  of  the  flying 

■ k 

hour  program,  using  two  separate  relationships,  as  follows: 


Depot  maintenance  cost  per  flying  hour 


where 


Y  -  14.526  +  0.0498X1  +  0.0824X2, 

Y  =  depot  maintenance/flying  hour. 


=  aircraft  cumulative  average  cost  at  the  500th 
unit, 

X2  =»  combat  speed  in  knots. 


Base  materials  cost/flving  hour 


where 


Y  =  31.81  +  0.00584X, 

Y  =*  base  materials  cost  per  flying  hour, 

X  "  aircraft  cumulative  average  cost  at  the  500th 
unit . 


In  applying  these  relationships  for  the  submerged  aircraft,  an 
additional  20  per  cent  .as  allowed  to  cover  the  additional  maintenance 
required  for  undervafen  deployment. 

The  following  list  presents  the  maintenance  cost  per  flying  hour 
factors  for  each  aircraft: 


Depot 

Base 

Total 

Maintenance 

Maintenance 

Maintenance 

Cost/ 

Cost/ 

Cost/ 

Aircraft 

Flying  Hour 

Flying  Hour 

Flying  Hour 

Pcnetrator 

SPA 

404 

77 

481 

AMS  A 

643 

93 

736 

Parasite 

247 

54 

301 

Support 

Submersible  tanker 

524 

91 

615 

AMSA 

494 

7  c 

569 

KC-135A 

307 

61 

368 

LEA 

298 

63 

361 

These  relationships 

were  developed  for  Weapon  Systems 

Cost 

Estimates  of  the  Penetrat 

ing  Manned  Bbmber 

Study  (U),  Cost 

Analysis 

Department,  The  RAND  Corporation,  RM-3073-PR,  April  1963  (Secret-- 

Privileged  Information). 
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The  annual  cost  of  FOL  is  estimated  as  a  function  of  the  number 
of  flying  hours,  and  of  the  fuel  consumption  per  hour,  for  each  air¬ 
craft  (which  in  turn  is  related  to  the  aircraft  design  and  intended 
operational  use).  For  this  study  we  assumed  a  sortie  length  averaging 
90  per  cent  of  the  maximum  endurance  of  each  aircraft  (except  the  LEA) , 
to  determine  the  average  fuel  consumption  per  flying  hour.  The  LEA, 
when  in  the  50  per  cent  ground  alert  mode,  was  assumed  to  fly  sorties 
that  average  about  eight  hours  each;  and  in  the  75  per  cent  airborne 
alert  mode,  the  average  sortie  was  90  hours.  The  following  list  pre¬ 
sents  details  of  specified  combat  radius,  speed,  and  fuel  consumption 

£  s 

per  flying  hour,  for  the  various  aircraft: 


Aircraft 

Combat 

Radius 

£a,jnO. 

Speed 

(kn). 

Fuel 

Consumption 
(lb /hr) 

Penetrator 

SPA 

1,000 

532 

6,200 

AMSA 

6,000 

1,270 

18,000 

Parasite 

1,000 

532 

5,820 

LEA- -airborne  alert 

24,500 

207 

1,843 

Support 

Submersible  tanker 

2,000 

532 

6,600 

KC -AMSA 

6,000 

'f  1,270 

11,000 

KC-135A 

6,000 

550 

14,000 

LEA 

24.50r: 

207 

7  ,843 

The  cost  of  PME  replacement  due  to  attrition  is  based  on  rates 
expressed  on  a  per  flying  hour  basis.  Peacetime  attrition  rales  vary 
according  to  the  speed  and  complexity  of  the  aircraft  and  the  types 
of  sorties  flown.  Fighter  aircraft,  flying  shorter  sorties  than 
bombers,  have  higher  attrition  rates.  The  list  below  presents  the 
estimated  attrition  rate  for  each  c-f  the  aircraft  in  this  study: 
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Attritfon  Rhcp. 

Aircraft  (per  100,000  flying  hours) 


Psno.tr  a  tor _ 

SPA  ** -  -  - 12 

AMS  A  8 

Parasite  8 

Support 

Submersible  tanker  12 

KC-AMSA  8 

KC-135A  (modified)  2 

LEA  3 

LEA  when  on  airborne  alert  1.5 


The  high  estimate  for  both  the  AMS A  (with  variable  wing  geometry)  and 
the  SPA  reflect  the  uncertainty  concerning  the  ultimate  difficulty  of 
operating  them.  Since  attrition  is  a  function  of  both  flying  hours 
and  number  of  sorties,  the  attrition  rate  for  the  LEA  on  airborne 
alert,  with  its  tenfold  increase  in  flying  hours  over  the  ground  alert 
case,  has  been  estimated  at  one-half  that  of  the  LEA  on  ground  alert. 

Aerospace  Ground  Equipment  Maintenance  and  Replacement 

The  cost  of  maintenance  and  replacement  due  to  normal  operation 
of  the  aerospace  ground  equipment  is  estimated  as  a  percentage  (in 
this  study.  15  per  cent)  of  the  value  of  the  equipment. 

Facilities  Maintenance  and  Replacement 

Included  here  are  costs  of  materials  and  contractual  services 
needed  to  maintain  the  base  facilities  associated  with  the  aircraft 
systems.  These  are  usually  estimated  as  a  percentage  of  the  cost  of 
the  base,  or  by  using  a  per  man  factor.  In  this  study  we  used  the  per 
man  factor--$200  for  facilities  maintenance  and  $500  for  facilities 
replacement . 
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Personnel  Pay  and  Allowances  ~~  "  :  r 

~  -  —  I 

The  costs  included  in  this  coat,  element  are  basic  pay  for  mili¬ 
tary  personnel]  allowances  for  such  items  as  quarters,  clothing, 
hazard  pay,  and  subsistence;  and  costs  for  permanent  change  of  station 
travel,  and  .temporary  duty  travel.  This  element  also  includes  civilian 
pay  and  all  associated  payroll  costs,  such  as  FICA  tax  and  retirement 
contributions . 

Factors  used  in  this  study  were  as  follows: 

Rated  officer . . .  $10,809  per  year 

Nonrated  officer.........  8,353  per  year 

Airman .  3,567  per  year 

Personnel  Replacement  Training 

This  cost  element  includes  the  cost  of  training  personnel  to 
replace  others  leaving  the  Air  Force.  The  cost  is  a.  function  of  the 
number  of  military  personnel  for  each  system,  the  turnover  rates,  and 
the  cost  of  training  each  category.  For  this  study  we  applied  our 
current  turnover  factors  to  the  estimated  number  of  crew  and  other 
personnel.  (The  cost  of  Initial  crew  training  has  been  described 
previously.)  Replacement  training  for  "other"  (noncrew)  personnel 
was  estimated  based  on  an  average  initial  training  cost  of  $10,000  per 
man.  Turnover  factors  are  as  follows: 


Rated  officers .  5  per  cent 

Nonrated  officers .  3  per  cent 

Crew  airman .  4  per  cent 

Noncrew  airman .  15  per  cent 


Miscellaneous  Annual  Operation 

Included  here  are  such  costs  as  annual  travel,  annual  trans¬ 
portation,  organizational  equipment  replacement,  and  annual  services 
and  other  costs.  We  have  grouped  these  costs  together  because  of  their 
relatively  minor  role  in  this  study. 
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An nnal  travel  costs .  represent- an  allowance  for  the  travel  of 
replacement  military  personnel  and  their  dependents  to  and  from  their 
duty  stations,  it  is  estimated  on  a  per  military  mam  basis. 

Annual  transportation  includes  the  cost  of  transporting  to  the 
base  the  equipment  and  supplies  to  replace  those  consumed  during  the 
year.  Tim  cost  it.  estimated  by  applying  a  1- 1/2  per  cent  factor  to 
the  cost  of  the  material  transported. 

Organizational  equipment  replacement  includes  the  cost  of  re¬ 
placing  such  equipment  as  pots  and  pans,  typewriters,  and  many  other 
small  items  required  by  each  aircraft  system.  The  annual  cost  of 
replacing  this  common  organizational  equipment  is  estimated  at  $165 
per  man . 

Annual  services  and  other  costs.  The  many  small  operating  costs 
not  covered  elsewhere,  such  as  miscellaneous  contractual  services, 
small  arms  ammunition  replacement,  and  food  and  clothing  are  combined 
in  one  cost  element.  Five  hundred  dollars  per  man  is  estimated  as 
sufficient  to  cover  these  costs. 

Wc  have  presented  in  some  detail  the  method  of  estimating  each 
of  the  cost  elements  shown  la  Table  14.  It  should  be  noted  that  for 
this  study  we  have  not  included  costs  associated  with  unit  support 
aircraft.  Logistic  aircraft  and  trainer  aircraft  were  assumed  to  be 
inherited  from  the  phased  out  system  and  were  therefore  considered  to 
he  cost -free.  There  would  be  a  small  annual  cost  resulting  from  the 
operation  of  these  aircraft,  but  it  was  not  included  because  it  would 
be  very  small  (less  than  $0.5  million  per  squadron  per  year)  and  be¬ 
cause  it  would  be  the  same  for  each  of  the  systems  under  study. 

A  reference  summary  that  lists,  by  cost  element,  the  estimated 
cost  per  100  operational  flirrrsft  for  each  of  the  types  of  aircraft 
used  in  the  study  is  presented  in  Table  14.  These  costs  have  been 
used  in  estimating  the  aircraft  portion  of  the  system  costs  presented 
later  in  this  Memorandum. 
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Table  14 

ESTIMATED  INITIAL  INVESTMENT  AND  ANNUAL  OPERATING  COSTS  FOR  100  AIRCRAFT 

(millions  of  1964  dollars) 


rH  <U 
•  C  4J 

o  u  u 
<  o  o  <u 

H  O  «  H 


SECRET 


00  <■  I"  £  S  CO 

O  03  •-J  o  CM  CO 

O  rH  CM  '■3' 


00  CM  ON 
<1-  CM 


o  -a  j-> 

O  C  W 
<034) 
W  *00 
^  m  K  < 
i"  O 
< 


CO  <•  I"  CM  00  <£ 

o  CO  o  CM  ^  £ 

O  r— <  ' 


<r  CO  CM 
CM 


rl  CM  r-t 
CM  CM  u~l 

rH 


<  '  C" 

u*l  t4  X) 

co  -a  a) 

r— I  O  *rH 

i  B 

o  ^ 

U  v-  V 

x  i 

i  »< 
O’C/3  S- 
*1% 


m  i 


CO 

CNl 


o  <n  r^- 

rH  rH  iH  rH 

cn  r-l 


ON  rH 
00 


on  in  r**' 

CM 


O  cd 

o  n 
o  u 
*  u  u 
O  O  -rl 
r-*»  «< 

'O 

4)  a  4j 
xi  a  c 
o  ^ 
01  u  o 
a  o  33 
u  u 

(4  *1-3 

(X,  .  < 


i*-  3:  r*  O  r*  P 

ST  H  ~  00  £ 


cm  m 

m 

CM 


o  oo  <n 
CM 


CO  00  O' 

<f  r-l 


AJ 

00 

<i> 

o 

d 

G) 

<0 

d 

d 

B 

CD 

d 

o 

AJ 

•«H 

AJ 

'  cd 

i-  d 

J_l 

CO 

a; 

d 

cd 

{  a> 

3 

<1) 

d 

<U 

p 

A-* 

(J 

•rH 

00 

cd 

£ 

rH 

<u 

d 

_ 

o 

u 

cl 

CO 

0) 

VJ 

Cd 

AJ 
•rH 
i — I 
•T— f 

d 

•rH 

d 

•«h 

H 

rH 

a> 

o 

AJ 

to 

<u 

J> 

cd 

AJ 

o 

EH 

cl 

o 

rH 

•rH 

cd 

S 

t-H 

o 

Pm 

AGE 

CL 

CO 

c3 

Pm 

VH 

H 

•rl 

M 

d 

d 

d 

g 

PH 

S 

PM 

<u 

o 

d 

<d  AJ 

c  d 

&  u) 
AJ  S 
d  <1> 


d 

0) 

P 

<0 

J  J 

AJ 

d 

c; 

d 

cd 

cd 

oo 

*iH 

<u 

r— 1 

d 

Cd 

B 

6 

u) 

>3 

P- 

CD 

•H 

AJ 

o 

CM 

to 

Ml 

cd 

to 

cd 

w 

W 

a 

rH 

i-H 

CJ 

,-H  00 

<U 

•r4 

Cl 

<u 

d 

cd  d 

CL 

AJ 

O 

c 

ct 

d  *rl 

o 

•rH 

d 

d  c 

rM 

0 

0 

o  *h 

u 

•rH 

to 

i-H 

co  cd 

0) 

fj 

d 

Vi 

r— • 

— * 

cd 

cd 

0) 

cd 

a>  »J 

AJ 

Pm 

PM 

PM 

o 

SECRET 


SECRET 

-55- 


V.  ATRBDRNE  MISSILE  COSTS 


Within  this  study  each  alternative  penetrator  system  under  con-  - 

sideration  was  equipped  with  air-to-surface  missiles.  The  type  and 

size  of  each  payload  was  identical  for  all  systems  --  eight  forward 

launched  aerodynamic  missiles  per  penetrator,  rocket  powered,  and 

equipped  with  an  all-inertial  guidance  system.  Each  would  weigh 

about  1000  lb  and  carry  a  240-lb  warhead.  The  missile  is  identical 

* 

to  that  referred  to  in  the  Manned  Bomber  study. 

The  major  cost  assumptions  regarding  this  missile  are  as  follows: 

(1)  Each  strategic  bomber  squadron  (15  operational  aircraft) 
would  be  equipped  with  120  FLAM's. 

(2)  Each  base  would  require  air-conditioned  storage  sites  for 
the  missile,  at.  an  estimated  cost  of  $1,500,000  per  base. 

(3)  AGE  costs  for  missiles  were  estimated  to  be  25  per  cent  of 
the  AGE  procurement  costs. 

(4)  Costa  of  initial  spare  missiles  and  missile  spare  parts  were 
estimated  to  be  20  per  cent  of  missile  procurement  costs. 

(5)  It  was  assumed  that  the  FLAM's  for  the  SPA  systems  would  cost 
10  per  cent  more  than  those  for  ground-based  systems.  This  10  per  cent 
was  added  to  cover  any  additional  costs  of  operating  the  missile  in  an 
underwater  environment. 

(6)  Operating  costs  include  both  miseile  and  AGE  replacement  and 
maintenance.  Missile  replacement  includes  combat  crew  test  firings, 
missile  reliability  test  firings,  and  missile  attrition.  The  cost  is 
estimated  at  five  per  cent  of  the  missile  procurement  cost.  Missile 
maintenance  was  estimated  at  20  per  cent  of  missile  procurement  cost. 
AGE  maintenance  and  replacement  was  combined  and  estimated  at  25 

per  cent  of  the  AGE  procurement  costs. 

(7)  For  purposes  of  simplification  the  missile  maintenance  per¬ 
sonnel  were  included  in  the  estimate  of  aircraft  maintenance  personnel. 
The  number  involved  was  small. 


Cost  Analysis  Department,  Weapon  Systems  Cost  Estimates  of  the 
Penetrating  Manned  Bomber  Study  (U) ,  The  RAND  Corporation,  RM-3073-PR, 
April  1963  (Secret- -Privileged  Information). 
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Table  15  presents  the  estimated  missile  costs. 


Table  15 

FLAM  MISSILE  COSTS  PER  AIRCRAFT  SQUADRON3 
(millions  of  1964  dollars) 


Submerged 

AMSA 

Parasite 

Penetrator 

Penetrator 

Penetrator 

R&D  (including  100  test 

vehicles 

100 

100 

100 

Initial  investment 

Procurement  missiles 
and  spares 

95 

86 

86 

AGE  and  AGE  spares 

26 

19 

19 

Other  initial  costs 

12 

12 

12 

Total 

133 

117 

117 

Annual  operating 

Missile  maintenance 

12 

11 

11 

Missile  replacement 

7 

6 

6 

AGE  maintaining  and 
replacement 

5 

4 

4 

Other  annual  cost 

1 

1 

1 

Total 

25 

22 

22 

aAssumes  a  six-squadron 

force  in  each 

case . 
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VX.  UNDE-RWA'i  -  .  EQUIPMENT  COST 

The  estimates  of  the  underwater  equipment  costs  were  derived 
from  a  study  of  tankers  and  dry  .  -.rgo  ships  by  Roger  Johnson  and 
Henry  Rumble.*  Table  16  lists  the  design  characteristics  and  esti 
mated  average  costs  of  underwate..  ■•quipment. 


Table  16 


Submersible 


SPA  Underwater 

Equipment 

Tanker  Equipment 

Platform 

Pusher  Tug 

Platform 

Pusher 
_  Tug 

Displacement  (tons) 

Submerged 

10,000 

2,655 

16,000 

3,060 

Light  ship 

4,700 

2,125 

4,7  00 

2,450 

Dimension  (ft) 

Length 

356 

167 

405 

176 

Beam 

54 

30 

64 

32 

27 

30 

32 

32 

Spend  (kt) 

Without  aircraft 

20 

20 

20 

20 

With  aircraft- 

16 

16 

16 

16 

Shaft  horsepower 

. . . 

14,900 

•  •  « 

18,900 

Estimated  Average  Cost/ 

Item  (millions  of  1964 

dollars) 

7.2 

39.0 

7.2 

42.0 

To  develop  the  five-year  system  costs  for  the  submersible  equip¬ 
ment,  support  and  other  costs  were  added  to  the  procurement  costs  as 
shown  in  Tabic  17. 


* 

R.  3? .  Johnson  and  H.  P.  Rumble,  Weight,  Cost,  and  Design 
Characteristics  of  Tankers  and  Dry  Cargo  Ships,  The  RAND  Corporation, 
RM-3318-PR,  April  1963. 
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Table  17 

SUBMERSIBLE  EQUIPMENT- -SYSTEM  COSTS 
(millions  of  1964  dollars)  _ 


Submersible  Tanker 

Item 

SPA  Equipment 

Equipment  •; 

Platform 

Pusher  Tug 

Platform 

Pusher:  Tug 

PME  (see  Table  15) 

7.2 

39.0 

7.2, 

42.0 

Other  initial  investment 

costs 

Spares  (10  per  cent) 
Ground  support  equip- 

0.7 

3.9 

3.9 

0.7 

4.2 

4.2 

ment  (10  per  cent) 
Facilities,  training, 

0.7 

0.7 

supplies,  and  other 
initial  costs  (20 
per  cent) 

1.4 

7.8 

7 

1.4 

8.4 

Total  initial  invest- 

10.  ,0 

58.8 

ment 

10.0 

54.6 

Annual  operating  costs 

C\  S  npr  rent  x  initial 

\ - r  -  - 

investment) 

1.5 

8.2 

1.5 

8.8 

Five-year  system  costs 
(excluding  R&D) 

17.5 

95.6 

17.5 

102.8 

RM>3 

100.0 

100.0 

100.0 

100.0 

alncludes  procurement  test  vehicles,  systems  integration,  and 
test  operations . 


The  percentages  used  in  calculating  the  "Ollier  initial  invest¬ 
ment  costs"  and  "Annual  operating  costs"  categories  were  extracted  from 

budget  data  dealing  with  current  Navy  systems. 

The  B&D  estimate  is  somewhat  speculative  and  represents  the  total 
weapon  system  test  integration  and  evaluation  costs. 


SECRET 


\ 

.  w  - 

.)■  SECRET 

■  -59- 


—  ~  The  system  costs  for  submersible  equipment  do  not  include  the 

cost  of  any  equipment  and  supplies  related  to  the  aircraft.  Such 
_costs  were  included  in  the  aircraft  estimate.  An  additional  10  per 
cent  of  the  cost  of  the  aircraft  was  added  for  equipment  that  would 
be  located  on  board  the  platform:  five  per  cent  of  this  represents 
the  additional  initial  spare  parts,  and  five  per  cent  represents  the 
additional  AGE  required  for  the  aircraft.  (In  a  Navy  weapon  system, 
this  would  be  called  the  "shipfill  equipment.") 

No  operational  details  or  support  structure  were  available  for 
any  of  the  underwater  equipment,  and  therefore  all  cost  estimates  for 
such  equipment  were  rough  at  best. 

The  moored  underwater  barges  serving  as  unmanned  fuel  caches  for 
the  flyout  systems  were  considered  to  be  identical  in  cost  to  the 
submersible  manned  platforms.  No  design  details  for  these  caches 
were  provided,  and  therefore  only  a  very  rough  estimate  could  be 
made  of  their  costs. 


SECRET 


SECRET 

-60- 


VIII .  CONCLUDING  REMARKS 


Since  one  of  the  basic  assumptions  of  this  study  is  that  the 
alternatives  examined  are  equally  able  to  fulfill  the  penetration 
and  weapons  delivery  postulated,  it  seems  reasonable  for  us  to  discuss 
them  in  terms  of  costs. 

Generally  speaking,  systems  requiring  a  hybrid  basing  scheme, 
with  penetrator  and  its  support  aircraft  based  differently,  tend  to 
be  the  most  costly  --  witness  the  AMSA  supported  by  the  submerged 
tanker  aircraft.  However,  the  degree  of  mobility  of  the  undersea 
equipment  does  not  seem  to  have  any  critical  cost  implications. 

The  most  critical  cost  factor  for  the  submersible  based  systems 
is  the  capability  of  the  equipment  and  personnel  to  maintain  the 
requisite  degree  of  combat  readiness  in  the  underwater  environment, 
an  environment  with  which  the  Air  Force  has  little  experience.  The 
effects  of  prolonged  submersion  upon  aircraft,  missiles,  and  other 
equipment  need  to  be  known  before  the  operational  uncertainties  can  be 
dealt  with.  Since  this  is  such  a  critical  cost  area,  it  would  seem 
to  be  the  first  order  of  business  in  any  further  examination  of  the 
underwater  basing  concept. 
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